This paper presents the study of convective heat and mass transfer characteristics of an incompressible MHD visco-elastic fluid flow immersed in a porous medium over a stretching sheet with chemical reaction and thermal stratification effects. The resultant governing boundary layer equations are highly non-linear and coupled form of partial differential equations, and they have been solved by using fourth order Runge-Kutta integration scheme with Newton Raphson shooting method. Numerical computations are carried out for the non-dimensional physical parameters. Here a numerical has been carried out to study the effect of different physical parameters such as visco-elasticity, permeability of the porous medium, magnetic field, Grashof number, Schmidt number, heat source parameter and chemical reaction parameter on the flow, heat and mass transfer characteristics.
Introduction
In recent years, a great deal of interest has been generated in the area of heat and mass transfer of the boundary layer flow over a stretching sheet, in view of its numerous and wide-ranging applications in various fields like polymer processing industry in particular in manufacturing process of artificial film and artificial fibers and in some applications of dilute polymer solution. Sakiadis [1, 2] was the first study of boundary layer problem assuming velocity of a boundary sheet as constant. This work is followed by the pioneering work of Tsou et al. [3] studied the flow and heat transfer developed by continuously moving surface both analytically and experimentally, in which the flow is caused by an elastic sheet moving in its own plane with a velocity varying linearly with the distance from a fixed point studied by Crane [4] . Chakrabarti and Gupta [5] studied the temperature distribution in this MHD boundary layer flow over a stretching sheet in the presence of suction. There are several extensions to this problem, which include consideration of more general stretching velocity and the study of heat transfer [6] [7] [8] [9] [10] [11] [12] [13] [14] .
In view of increasing importance of non-Newtonian flows, a great deal of work has been carried out to find the similarity solution of viscoelastic fluid flow over impervious stretching boundary. Rajagopal et al. [15] examined for a special class of visco-elastic fluids known as second order fluids. Siddappa et al. [16] studied the flow of visoelastic fluids of the type Walter's liquid B past a stretching sheet. Abel and Veena [17] studied the viscoelasticity on the flow and heat transfer in a porous medium over a stretching sheet. All these studies deals with the studies concerning non-Newtonian flows and heat transfer in the absence of magnetic fields, but present years we find several industrial applications such as polymer technology and metallurgy [18] , where the magnetic field is applied in the visco-elastic fluid flow. Sarpakaya [19] was mostly first researcher to investigate MHD flows of non-Newtonian fluids, Andersson [20] investigated the flow problem of electrically conducting viscoelastic fluid past a flat and impermeable elastic sheet and later his work is extended by many authors [21] [22] [23] [24] [25] .
Chemical reactions usually accompany a large amount of exothermic and endothermic reactions. These characteristics can be easily seen in a lot of industrial processes. Recently, it has been realized that it is not always permissible to neglect the convection effects in porous constructed chemical reactors [26] . The reaction produced in a porous medium was extraordinarily in common, such as the topic of PEM fuel cells modules and the polluted underground water because of discharging the toxic substance, etc.
Fourier's law, for instance, described the relation between energy flux and temperature gradient. In other aspects, Fick's law was determined by the correlation of mass flux and concentration gradient. Moreover, it was found that energy flux can also be generated by composition gradients, pressure gradients, or body forces. The energy flux caused by a composition gradient was discovered in 1873 by Dufour and was correspondingly referred to the Dufour effect. It was also called the diffusion-thermo effect. On the other hand, mass flux can also be created by a temperature gradient, as was established by Soret. This is the thermal-diffusion effect. In general, the thermal-diffusion and the diffusion-thermo effects were of a smaller order of magnitude than the effects described by Fourier's or Fick's law and were often neglected in heat and mass transfer processes. There were still some exceptional conditions. The thermal-diffusion effect has been utilized for isotope separation and in mixtures between gases with very light molecular weight (H 2 , He) and of medium molecular weight (N 2 , air), the diffusion-thermo effect was found to be of a magnitude such that it may not be neglected in certain conditions [27] . In recent years, Kandasamy et al. studied the heat and mass transfer under a chemical reaction with a heat source [28, 29] . Seddeek studied the thermal radiation and buoyancy effect on MHD free convection heat generation flow over an accelerating permeable surface with the influence temperature dependent viscosity [30] , and later the chemical reaction, variable viscosity, radiation, variable suction on hydromagnetic convection flow problems were included [31] [32] [33] .
Although there are numerous widely practical applications in industrial processes, few previous published papers discussed the combined relation. In the present paper, we make an attempt to investigate the problem of convective heat and mass transfer of incompressible MHD visco-elastic fluid embedded in a porous medium over a stretching sheet under a chemical reaction. The presence of combined buoyancy effects leads to the momentum, heat and mass transfer equations in the coupled form of highly non-linear partial differential equations. To deal with the coupling and non-linearity, a numerical shooting technique for three unknown initial conditions with Runge-Kutta fourth order integration scheme has been developed. The results are analyzed for various physical parameters such as visco-elasticity, permeability of the porous medium, magnetic field, Grashof number, Schmidt number, Prandtl number, heat source parameter and chemical reaction parameter on the flow, heat and mass transfer characteristics.
Mathematical Formulation
We consider a free convective, laminar boundary layer flow and heat and mass transfer of viscous incompressible and electrically conducting visco-elastic liquid due to a stretching sheet. The sheet lies in the plane 0 y  with the flow being confined to 0 y  . The coordinate x is being taken along the stretching sheet and y is normal to the surfaced, two equal and opposite forces are applied along the x-axis, so that the sheet is stretched, keeping the origin fixed. A uniform transverse magnetic field of strength 0 B is applied parallel to the y -axis and the chemical reaction is taking place in the flow. The viscous dissipation effect and Joule heat are neglected on account of the fluid is finitely conducting. It is assumed that the induced magnetic field, the external electric field and the electric field due to the polarization of charges are negligible. The density variation and the effects of the buoyancy are taken into account in the momentum equa-tion (Boussinesq's approximation) and the concentration of species far from the wall is infinitesimally small and the viscous dissipation term in the energy equation is neglected (as the fluid velocity is very low). Under these assumptions, the governing boundary layer equations of momentum, energy and diffusion under Boussinesq approximations could be written as follows:
where u,υ are velocity components, T and C are, respectively, the temperature and concentration of chemical species in the fluid,  is the kinematic viscosity, 0 k is the non-Newtonian visco-elastic parameter, ε is the permeability coefficient of porous medium, g is the acceleration due to gravity,  is the volumetric coefficient of thermal expansion, *  is the volumetric con-
 is the fluid density,  is the fluid electrical conductivity, k is the thermal conductivity, p C is the specific heat at constant pressure, Q is the dimensional heat generation/absorption coefficient, D is the mass diffusivity and 1 K is the chemical reaction parameter. The boundary conditions governing the flow are:
To take into account the effect of stretching of the boundary sheet, and the effects due to temperature and concentration gradients, we prescribe the wall boundary conditions in the form of (5). In order to study the heat transfer analysis we consider two general cases of nonisothermal temperature boundary conditions, namely boundary with prescribed power law surface temperature. The subscript y denotes the differentiation w.r.t. y . Now, we introduce the following dimensionless variables:
where
With these changes of variables Equation (1) is identically satisfied and Equations (2)- (4) 
The corresponding boundary conditions take the form:
where subscript ' denotes the differentiation with respect to  . 1 2 , k k are the viscoelastic and porosity parameters, Gr and Gc are the free convection parameters, M magnetic field parameter,  is the heat generation or absorption coefficient,  is the Chemical reaction parameter, and Pr , Sc denote Prandtl number and Schmidt number respectively. These dimensionless physical parameters are defined as:
where expressions for  
are given in Equation (6) . The important physical quantities of our interest are the local skin friction w  , Nusselt number Nu and Sherwood number Sh and they are defined in the sequel:
Numerical Solution
Equations (8)- (10)  differ only after desired digit signifying the limit of the boundary along  . The last value of   is chosen as appropriate value for that particular set of parameters.
Equations (8)- (10) of fourth order in f and second order in   and   has been reduced to a system of eight simultaneous equations of first order for eight unknowns following the method of superposition [34] . To solve this system we require eight initial conditions whilst we have only two initial conditions '(0) f and (0) f on f , two initial conditions on each on  and . The third initial condition on '''(0) f has been deduced by applying initial conditions of (11) in Equation (8) . Still there are three initial conditions ''(0) f , '(0)  and '(0)  which are not prescribed. Now, we employ numerical shooting technique where these two ending boundary conditions are utilized to produce two known initial conditions at 0   . In this calculation, the step size Δ 0.001
is used while obtaining the numerical solution with max 7   and five-decimal accuracy as the criterion for convergence.
Results and Discussion
The number and S c Schmidt number. Figures 1-3 display results for the velocity, tempera ture and concentration distributions. As shown, the temperature and concentration are increasing with increasingthe dimensionless porous medium parameter 2 k and the velocity decreases as 2 k increases. The effect of the dimensionless porous medium parameter 2 k becomes smaller as 2 k increases. Figures 4-6 illustrate the influence of the magnetic parameter M on the velocity, temperature and concentration profiles in the boundary layer, respectively. Application of a transverse magnetic field to an electrically conducting fluid gives rise to a resistive-type force called the Lorentz force. This force has the tendency to slow down the motion of the fluid in the boundary layer and to increase its temperature and concentration. Also, the effects on the flow and thermal fields become more so as the strength of the magnetic field increases. Figures 7-12 show the effects of Grashof number Gr and modified Grashof number Gc on the velocity, temperature and concentration respectively. As shown, the and Gc increases. Physically Gr > 0 means heating of the fluid or cooling of the boundary surface, Gr > 0 
Conclusions
In this study, a numerical analysis is presented to investigate the influence of chemical reaction of first-order and magnetic field on the heat and mass transfer of an electrically conducting viscoelastic fluid flow through a porous medium over a stretching sheet. The non-linear and coupled governing equations are solved numerical by using fourth order Runge-Kutta integration schemewith Newton Raphson shooting method. Velocity, tem-perature and concentration profiles are presented graphically and analyzed. The fundamental parameters found to effect the problem under consideration are the chemical reaction parameter, magnetic field parameter, viscoelastic parameter, porosity parameter, Grashof number, modified Grashof number, Prandtl number, Schmidt number and heat absorption parameter. It is found that, the temperature as well as concentration increases with increasing the visco-elastic parameter, porosity parameter and magnetic parameter whereas reverse trend is seen with Grashof number and modified Grashof number increasing. Additionally, the velocity temperature is increased in the presence of heat absorption parameters and decreased with chemical reaction.
